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Abstract

Background: Angiotensin converting enzyme inhibitor (ACEI) and angiotensin receptor blocker (ARB) as
the commonly used renin-angiotensin aldosterone system inhibitor are widely used in patients with IgA
nephropathy (IgAN), but the effect is controversy. In this study, we used a meta-analysis to evaluate the effica-
cy and safety of ACEI and/or ARB for the patients with IgAN.

Methods: Two investigators independently searched the PubMed, EMBASE, the Cochrane Library, EBSCO,
and Wiley databases without language restrictions. We collected the clinical randomized controlled trials
(RCTs) on “ACEI and/or ARB for the patients with IgAN” published before December 31, 2018, and pet-
formed data extraction and quality analysis on the included studies, and analyzed data using RevMan 5.2 soft-
ware.

Results: A total of 10 RCTs (635 patients) were included in our analysis. Alone use of ACEI (MD=-0.75,
95%CI: -1.28-0.21, P=0.006) or ARB (MD=-0.56, 95%CI: -0.82-0.30, P< 0.001) or a combination of ACEI
and ARB (MD=-0.63, 95%CI: -0.87-0.38, P<0.001) significantly reduced the levels of proteinuria in patients
with IgAN. However, whether using ACEI or ARB alone or in combination with ACEI and ARB, there was
no significant effect on serum creatinine, 24-creatinine clearance and glomerular filtration rate in patients with
IgAN.

Conclusion: The use of ACEI and ARB significantly reduces the levels of proteinuria in patients with IgAN,
but more large-sample RCT's with long-term follow-up are needed for confirming our results and guiding clini-
cal treatment.

Keywords: Angiotensin converting enzyme inhibitor; Angiotensin receptor blocker; IgA nephropathy; Meta-
analysis

Introduction

IgA nephropathy (IgAN) is a glomerulonephritis
characterized by diffuse deposition of IgA or
IgA-based immunoglobulins in the mesangial
membrane, which is the most common chronic
glomerulonephritis in Asian (1). More and more
studies have confirmed that it is not a benign dis-

1577

ease with a good prognosis, but a progressive
disease (2-4). The 10-year renal survival rate of
IgAN patients ranges from 76% to 94%, and the
20-year renal survival rate ranges from 47% to
83% (5). About 30% of IgAN patients develop
renal failure 20-30 years after the disease, and
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1%0-2% of the total number of patients diagnosed
each year will enter end-stage renal failure (6).

A large number of proteinuria, recurrent episodes
of gross hematuria, increased basal serum creati-
nine (Scr) and severe histopathological damage
are risk factors of poor prognosis in IgAN pa-
tients (7, 8). Due to the variety of clinical and
pathological types, there is still no uniform treat-
ment for IgAN patients. There are also many
controversial treatment options in clinical, includ-
ing the treatment of hormones, the application of
various immunosuppressive agents, and the con-
trol of blood pressure by angiotensin converting
enzyme inhibitor (ACEI) or angiotensin receptor
blocker (ARB).

Proteinuria is an independent risk factor for the
prognosis of IgAN patients, and ACEI and ARB
are often used to treat proteinuria, but the exact
efficacy is still not fully understood (9). Especially
for IgAN patients with proteinuria>1.0g/24 h
proteinuria, whether the application of ACEI or
ARB alone, or a combination of ACEI and ARB,
and the efficacy of their applications are contro-
versial.

Therefore, in this study, to evaluate the efficacy
and safety of RASI for IgAN patients, we con-
ducted a meta-analysis of clinical randomized
controlled trials (RCTs) on RASI treatment of
IgAN patients in recent years.

Methods

Search Strategy

Two investigators (YZ and HF) independently
searched the Pubmed, Embase, the Cochrane
Library, EBSCO, and Wiley databases, and col-
lected the literatures on “RASI (ACEI and/or
ARB) for the patients with IgAN” published be-
fore Dec 31, 2018 without language restrictions.
We searched for different combinations of the
following keywords, such as “ACEI” or “ARB”
or “IgA nephropathy” or “IgAN” and “Pro-
teinuria”. Inclusion criteria: 1) must be a clinical
RCT; 2) complete data in the literature. Exclusion
criteria: 1) not a clinical RCT; 2) patients treated
with glucocorticoids and/or immunosuppressive
agents; 3) RASI as an adjunct agents to clinical
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RCTs; 4) no clear instructions for missing pa-
tients during follow-up or no detailed description
and analysis of results.

Data Abstraction

We first browsed through all the retrieved litera-
tures, removed duplicates, and excluded litera-
tures that did not meet the inclusion criteria
based on the title and abstract. Then we read the
full text of the remaining literatures, and if the
information provided in the RCTs was not com-
prehensive or in doubt, we would contact the
author of the literature by E-mail to finalize the
literature that was included in the analysis. Two
investigators (YZ and HF) independently extract-
ed the data and cross-checked. In case of disa-
greement, the third investigator (BYB) assisted in
the judgment. Specific data included the title, au-
thors, date of publication, source of the literature;
number of patients, age, basic characteristics,
treatment measures, follow-up time; changes in
serum creatinine (Scr), 24-hour urine protein
quantitation, 24 hours-creatinine clearance (24h-
CrCl), glomerular filtration rate (GFR), adverse

reactions, etc.

Risk of Bias Assessment

According to the Cochrane bias risk method, the
quality of the included studies were evaluated,
including: the bias generated by the random se-
quence, the allocation of hidden bias, whether
blind bias was applied to the patients and thera-
pists, whether the bias of the complete prognosis
was generated, whether the researchers selectively
report bias, other unclear risk biases, etc.

Statistical Analysis

We used RevMan 5.20 software for statistical
analysis of the data. We used a y” test for hetero-
geneity analysis of the included studies, and the
test level was P=0.10 and I*=50%. If P>0.10,
P<50% indicated that the heterogeneity between
the results were low, and the fixed effect model
was used for analysis; If P<0.10, ’>50% indicat-
ed that the heterogeneity between the results
were high, and the random effects model was
used for analysis. We used the mean difference
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(MD) as the effect variable of the continuous var-
iable, and the results were represented by forest
plots. We made a preliminary assessment of the
publication bias by drawing a funnel plot and ob-
serving its symmetry, and then further evaluating
the publication bias of the literature by Egger's
Test and Begg's Test calculations. A P<0.05 indi-
cates difference statistically significant.

Results

Literature collection
According to the standards we set, a total of
1,504 RCT's wete retrieved, of which 1,173 were

u PRISMA 2009 Flow Diagram
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from PubMed, 142 were from EMBASE, 135
were from the Cochrane Library, 42 were from
EBSCO, and 12 were from Wiley. After exclud-
ing duplicates, 997 articles were collected. Ex-
cluding 452 unrelated articles such as retrospec-
tive studies, basic research, other interventions,
and non-RCT studies by reading topics and ab-
stracts, the full text of the remaining 42 articles
were reviewed. 32 articles were excluded from
the relevant literature, due to no relevant data
and/or RASI was not the only intervention drug
in these studies. Finally, 10 RCTs (635 patients)
were included in our analysis (Fig. 1) (9-18).
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Fig. 1: Study flow diagram
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Characteristics of trials

The basic characteristics of the included RCTSs
are detailed in Tables 1 and 2. Overall, 635 pa-
tients were enrolled in 10 RCTs, including 327 in
the treatment group and 308 in the control
group/placebo, and the follow-up period ranged
from 1 to 276 months. 8 of these studies were
from Asia (9-11, 13, 14, 16-18), 2 from Europe

(12, 15), and 5 studies included children and mi-
nors (age < 18 years) (9, 12, 15, 16, 18). After
further analysis of the RCTs, we found that 2
studies were ACEI+ARB compared with control
group/placebo (9, 13), 5 studies were ACEI
compated with control group/placebo (10-12, 15,
17), and 4 studies were ARB compared with con-
trol group/placebo (10, 14, 16, 18).

Table 1: Characteristics of randomized controlled trials involved in the studies

Study Country No. of Sex(Femal  Age(yr)  Baseline charac- Duration Side effect
patients e /male) teristics
Woo et al. Singapore 41 27/14 6 to 59 Pro- December 1997 Not report
(2000) (9) teinutia>1.0g/d, to December
SCr> 1.4 mg/dL 1999
Nakamura et Japan 52 30/22 18 to 54 Proteinuria 1.0— NA Not report
al. (2000) (10) 3.0 ¢g/d, GFR
>80
ml/min/1.73m?
Shiet al. China 131 44/87 18 to 42 Pro- NA Cough, Hypo-
(2002) (11) teinuria>0.5¢/d, tension
Scr<5.9mg/dL
Praga et al. Spain 44 17/27 16 to 43 Proteinuria>0.5 September 1990  Hyperkalemia
(2003) (12) g/d, SCr< 1.5 to September
mg/dL 1995
Kim et al. Korea 19 9/10 24 to 38 Pro- NA Azotemia,
(2003) (13) teinutia>1.0g/d, Hyperkalemia,
GFR > 25-90 Hypotension
ml/min/1.73m?
Lietal. China 109 79/30 26 to 54 Pro- June 2000 to Allergy, Angi-
(20006) (14) teinutia>1.0g/d, June 2003 oedema, Heart
SCr<2.8mg/dL failure
Coppo et al. Italy, 66 18/48 2 to 34 Proteinuria 1.0— November 1998 Cough
(2007) (15) France, 3.5¢/d, GFR > to December
Portugal, 50 2003
Germany ml/min/1.73m?
and Sweden
Shimizu et Japan 36 19/17 17 to 57 Pro- NA Not report
al. (2008) (16) teinutia>0.4g/d
g/d, eGFR > 50
ml/min/1.73m?
Lietal China 60 47/13 23 to 58 Proteinuria>0.5 February 2004 to  Cough, Dizzi-
(2013) (17) g/d, SCr< 2.0 September 2005 ness
mg/dL
Kohagura et Japan 77 43/34 15 to 70 Proteinuria>0.5 April 2007 to Worsen of
al. (2018) (18) g/d,SCt< 1.5 December 2011 hemoglobin
mg/dl Alc and partial
alopecia
GFR, glomerular filtration rate; NA, not applicable; eGFR, estimated glomerular filtration rate
Available at:  http://ijph.tums.ac.ir 1580
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Table 2: Final outcomes of randomized controlled trials involved in the studies

Study No. of patients Interventions Follow- Outcomes Conclusions
up

Treat- Control Treatment Control (months)

ment group group group

group
Woo et al. 21 20 Enalapril+ Control group 96-30 Sct, Proteinuria Decreased Scr and
(2000) (9) Losartan urinary protein
Nakamura et 32 20 Verapamil, Placebo 3 Scr, Proteinuria, Decreased urinary
al. (2000) (10) Trandolapril, 24h-CtCl protein

Candesartan
Shi et al. 65 66 Benazepril Control group 1-276 Scr, Proteinuria, Decteased urinary
(2002) (11) 24h-CrCl protein
Praga et al. 23 21 Enalapril Control group 29-120 Scr, Proteinutia, Decreased Scr and
(2003) (12) 24h-CtCl urinary protein
Kim et al. 12 7 Candesar- Placebo >6 Scr, Proteinuria, Decreased urinary
(2003) (13) tan+ Rami- 24h-CtCl protein
pril
Li et al. (2000) 54 55 Valsartan Placebo 24 Scr, Proteinuria, Decreased urinary
(14) GFR protein and Improve
renal function
Coppo et al. 32 34 Benazepril Placebo Up to 58 Proteinuria, Decreased urinary
(2007) (15) GFR, 24h-CtCl  protein and Improve
renal function

Shimizu et al. 18 18 Losartan ~ Control group 12 Scr, Proteinuria, Decreased urinary
(2008) (16) GFR protein
Li et al. (2013) 30 30 Ramipril Control group 60 Scr, Proteinuria, No benefit
a7 GFR
Kohagura et 40 37 Candesartan  Control group 24 Scr, Proteinuria, Decreased urinary
al. (2018) (18) GFR protein

Scr, Serum creatinine; BUN, blood urea nitrogen; 24h-CrCl, 24 hours-creatinine clearance; GFR, glomerular filtra-
tion rate;

Quality evaluation

5 RCTs referred to random grouping (9, 11, 14-
16), but only 2 RCTs specifically described the
random grouping method applied (14, 15). Only

1 RCT was double-blind (14), and the rest of the
study only blinded the results. The results of all
study data were complete, and selective reporting
and other bias were not significant (Figs. 2, 3).

Random sequence gensration (selection bias) MMM |

Allocation concealment (selection bias)

Blinding of participants and personnel (performance hias)

Blinding of outcome assessment (detection hias)

Incomplete outcome data (attrition bias)

Selective reporting (reporting hias)

Other hias

0% 25% 50% 75%  100%

.Low risk of hias DUnclearrisk of hias .High risk of hias

Fig. 2: Risk of bias graph
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Fig. 3: Risk of bias summary. “+”low risk of bias, “—"high risk of bias, “?”’unclear risk of bias

Clinical outcomes

For the effect of RASI on Scr levels in patients
with IgAN, 2 RCTs (60 patients) were
ACEI+ARB compared with control
group/placebo (9, 13), 4 studies (287 patients)
were  ACEl  compared  with  control
group/placebo (10-12, 17), and 4 studies (274
patients) were ARB compared with control
group/placebo (10, 14, 16, 18). We used a ran-
dom effects model to analyze the results, and our
results suggested that either ACEI (MD=-0.106,
95%CI: -0.42-0.10, P=0.21) or ARB (MD=-0.04,
95%CI: -0.13-0.05, P=0.39) alone, or a combina-
tion of ACEI and ARB (MD=-0.00, 95%CI:-
0.10-0.09, P=0.92), had no effect on changes in

Available at:  http://ijph.tums.ac.ir

Scr levels (Fig. 4). In terms of the effect of RASI
on proteinuria levels in IgAN patients, 2 RCT's
(60 patients) were ACEI+ARB compared with
control group/placebo (9, 13), and 4 studies (353
patients) were ACEI compared with control
group/placebo (10-12, 15, 17), 4 studies (274 pa-
tients) were ARB compared with control
group/placebo (10, 14, 16, 18). We used a ran-
dom effects model analysis and the results sug-
gested that alone use of ACEI (MD=-0.75,
95%CI: -1.28-0.21, P=0.006) or ARB (MD=-
0.56, 95%CI: -0.82-0.30, P< 0.001) or a combina-
tion of ACEI and ARB (MD=-0.63, 95%CI: -
0.87-0.38, P<0.001) significantly reduced the lev-
els of proteinuria in patients with IgAN (Fig. 5).
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Fig. 4: RASI for decreasing the level of Scr in patients with IgA nephropathy. RASI, renin-angiotensin aldosterone
system inhibitor; Scr, serum creatinine; ACEI angiotensin-converting enzyme inhibitor; ARB, angiotensin-receptor
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Fig. 5: RASI for decreasing proteinuria in patients with IgA nephropathy. RASI, renin-angiotensin aldosterone sys-
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For the effect of RASI on 24h-CrCl in patients
with IgAN, 4 RCTs (276 patients) were ACEI
compated with control group/placebo (10-12,
15). We used a random effects model to analyze
the results, and our results suggested that ACEI
(MD=9.96, 95% CI: -5.73-25.65, P= 0.21) had no
significant effect on 24h-CrCl in IgAN patients
(Fig. 6). In terms of the efficacy of RASI on GFR
in IgAN patients, 2 RCTs (126 patients) were

ACEI compared with control group/placebo (15,
17), and 3 studies (222 patients) were ARB com-
pated with control group/placebo (14, 16, 18).
We used a random effects model analysis and the
results suggested that the alone use of either
ACEI (MD=2.79, 95%CI: -4.36-9.94, P=0.44) or
ARB (MD=0.60, 95%CI:-6.32-7.52, P=0.86) had
no significant therapeutic effect on GIFR in pa-
tients with IgAN (Fig. 7).
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Heterogeneity: Tau = 17141, Chf=11.06 df=3(P=0.01) F=T73% I—SD _2'5 EII 2'5 SIZII
Testfor overall effect: Z=1.24 (F=021) Experimental Control

Fig. 6: ACEI for improving24h-CrCl in patients with IgA nephropathy. ACEI, angiotensin-converting enzyme in-
hibitor; 24h-CtCl, 24hours-creatinine clearance

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
4.1.1 ACHI
Coppo et al. 2007 1144 186 32 1114 18 34 M E%  300[584 1184 —
Lietal 2013 1081 29 30 1087 177 30 167%  240[976 14.56) -
Subtotal (95% CI) 62 64 48.4% 2.79[-4.36, 9.94] -
Heteraogeneity: Chi®= 001, df=1 (F =094}, F=0%
Testfor overall effect £=0.77 (F=0.44)
4.1.2 ARB
Lietal 2006 T4 342 a4 B34 348 85 14.7%  9.00[3.95 21.495] -
Shimizu et al. 2008 8 171 18 761 173 18 196% -4.30[15454 6494) N
Kohagura etal. 2018 g4 24 40 a5 29 37 17.3% -1.00[F12.94, 1094) - 1
Subtotal (95% CI) 112 110 51.6% 0.60[-6.32, 7.52] .
Heterogeneity: Chi®= 241, df=2 (F=0230%; F=17%
Test far overall effect £=0.17 (F = 0.36)
Total (95% CI) 174 174 100.0% 1.66 [-3.31, 6.63] ?

Heterogeneity: Chi*= 261, df= 4 (F=0.63), F=0%
Test far overall effect Z=065 (P =0.41)

Test for subaroun differences; Chi®= 0149, df=1 {(FP=0E7. F=0%

20 10 0 10 20
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Fig. 7: RASI for improving the GFR in patients with IgA nephropathy. RASI, renin-angiotensin aldosterone system
inhibitor; GFR, glomerular filtration rate; ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin-
receptor blocker

Publishing bias

We analyzed the results of different literatures in
the subgroup. Our results showed that the scat-
ters of each literature were symmetrically distrib-
uted on both sides of the line in different gradi-
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ent analysis. The large samples were at the end
and the small samples were at the top. All litera-
ture analyzed did not have significant publication
bias (Fig. 8).
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Fig. 8: Funnel plots of meta-analysis. The levels of serum creatinine (A, Begg’s test, P=0.31; Egger’s test, P=0.42), the levels of
proteinuria (B, Begg’s test, P=0.12; Egger’s test, P=0.64),24 hours-creatinine clearance (C, Begg’s test, P=0.53; Egger’s test,
P=0.63), and the glomerular filtration rate(D, Begg’s test, P=0.21; Egger’s test, P=0.48). The results revealed no publication bias,
as all P values were>0.05. ACEI angiotensin-converting enzyme inhibitor; ARB, angiotensin-receptor blocker; SE, standard
error; MD, mean difference

Discussion

In clinical, IgAN patients with high blood pres-
sure require strict blood pressure control. If there
is no contraindication, patients are generally rec-
ommended to use ACEI and/or ARB to control
blood pressure within the ideal range (19). Many
studies indicated that ACEI/ARB can benefit
IgAN, which is reflected in its dual effects of
lowering blood pressure and kidney protection
(9-12). However, nearly 20% of IgAN patients
still would be progress to end-stage renal disease
after receiving ACEI (20). Long-term use of
ACEI will cause angiotensin converting enzyme
escape, while ARB may release renin and vascular
tone through negative feedback mechanism of
renin-angiotensin  aldosterone system (RAS)
compensating for ACEI defects, so more studies
are beginning to investigate the combination of
ACEI and ARB (21).
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In this study, we included 10 RCTs, 5 of which
used ACEI, 4 of which used ARB, and 2 of
which used ACEI+ARB. We first explored the
effect of RASI on Scr levels in patients with
IgAN. Our results showed that neither ACEI nor
ARB alone or in combination of ACEI and ARB
had significant effects on Scr levels in IgAN pa-
tients. Therefore, it is indicated that the therapeu-
tic effect of RASI on IgAN patients with differ-
ent renal functions are not significant. Some
studies had also pointed out that ACEI com-
bined with hormones can effectively improve
renal function compared with the simple applica-
tion of ACEI, but still need multi-center and
large sample clinical RCTs to demonstrate (22-
24).

Proteinuria is not only one of the manifestations
of renal lesions, but also an independent factor of
renal damage, which is positively correlated with
the severity of renal disease (25). Therefore, pro-
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teinuria is an important factor in determining the
prognosis of IgAN patients. For glomerular dis-
ease with proteinuria, due to the RAS activation
state, blood pressure should be strictly controlled
(26). For IgAN patients with small amount of
proteinuria, the blood pressure target should be
controlled <130/80mmHg, and for patients with
large amounts of protein, the blood pressure
should be controlled more strictly
<125/75mmHg (27). Therefore, we used a pro-
teinuria index for comprehensive analysis to
evaluate the efficacy of RASI in patients with
IgAN. The results showed that the use of either
ACEI or ARB alone or the combination of ACEI
and ARB was superior to the control group in
reducing proteinuria, suggesting that the use of
ACEI and ARB can significantly reduce pro-
teinuria in patients with IgAN.

Recently, Ji Y et al (28) reported their latest meta-
analysis results. By comparing the effect of
ACEI/ARB and control group on proteinuria in
IgAN patients, it was found that the use of
ACEI/ARB can significantly reduce proteinutia.
But they did not compare ACEI and ARB separate-
ly, which made their results unreliable. However,
we compared the effect of ACEI and/or ARB on
proteinuria in patients with IgAN separately, and
the results were more accurate and informative.
Further, we also analyzed the effects of RASI on
24h-CrCl and GFR in patients with IgAN. Our re-
sults suggested that the use of RASI had no effect
on 24h-CtCl and GFR in patients with IgAN;,
which was consistent with previous results (29).
Low-dose RASI may have poor effect, while
high-dose may bring more side effects. There-
fore, the dose of RASI has always been one of
the concerns of clinicians. Our results showed
that different RASI had different therapeutic
doses, and the specific dose was mainly deter-
mined by the patient's blood pressure and renal
function. Among the results of our analysis, 7
RCTs mentioned adverse events of RASI, and
common adverse events include: cough, hypoten-
sion, hyperkalemia, allergy and dizziness. It was
suggested that we could adjust the dose of RASI
appropriately in consideration of the side effects
of the drugs under the same effect.

Available at:  http://ijph.tums.ac.ir

Our meta-analysis has the following limitations.
First, we did not limit the age of patients, and 5
of the RCTs included children, minors and
adults, and it was difficult to quantify them by
age through analysis. Second, the follow-up time
of the included studies was different, range from
1 to 276 months, the effect of RASI on IgAN
patients may vary at different periods. Third, the
types and doses of ACEI and/or ARB used in
the study were different, and it was difficult to
unify them by calculation. Fourth, our study did
not analyze adverse events, because the different
adverse events mentioned in the RCTs, and it
was difficult to analyze the adverse events of
these studies by meta-analysis.

Conclusion

The RCTs we included in the analysis are small
sample studies and still lack relevant large sample
clinical RCTs. Alone use of ACEI or ARB or a
combination of ACEI and ARB significantly re-
duced the levels of proteinuria in patients with
IgAN. The treatment effect of single drug was
poor or proteinuria >1.0g/24 h, which might be
an indication for combination therapy. However,
there is no conclusion on the protective effect of
renal function and the delay in the progression of
renal failure, suggesting that further multi-center,
large-sample clinical RCTs with long-term fol-
low-up are needed to obtain more accurate and
effective information for guiding clinical treat-
ment.
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